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Abstract: Total mRNA was extracted from a venom gland of snake Daboia russellii siamensis following the 
manufacturer’s protocol of the PolyATtract System 1000 kit purchased from Promega Biotech. cDNAs encoding C-type 
lectins were amplified by RT-PCR and subcloned into a pMD18-T vector. Fourteen positive clones were selected for nu- 
cleotide sequencing and seven cDNAs encoding various snake venom C-type lectin-like protein precursors, designated as 
DRS-L1, DRS-L2, DRS-L3, DRS-L4 DRS-LS, DRS-L6 and DRS-L7, were obtained. Amino acid sequences of these 
proteins were deduced and each contains a carbohydrate recognition domain. Of all the deduced protein sequences, only 
DRS-L1 seemed to represent a closer sequence similarity to a subunits of other known snake venom C-type lectin-like pro- 
teins using the BLAST program. Homology comparison combined with analysis of cysteine position indicate that DRS-L1 
and DRS-L2 are probably the light chain LC2 and LC1 of factor X activator from Daboia russellii siamensis venom, re- 
spectively. DRS-L3 and DRS-L4 might be the 8 subunits of higher molecular weight C-type lectin-like proteins while DRS- 
L5 and DRS-L6 might be 8 subunits of lower molecular weight C-type lectin-like proteins. DRS-L7 might be the 8 subunit 
of a platelet membrane glycoprotein Ib-binding protein similar to echicetin. 
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Snake venoms contain a large number of proteins 
and polypeptides with diverse pharmacological activi- 
ties. Some snake venom proteins are enzymes, such as 
L-amino acid oxidase, metalloproteinase, phoshpoli- 
pase A2, serine proteinase, and hyaluronidase. Others 
are non-enzymatic proteins like neurotoxins, disinte- 
grins and lectins (de Lima et al, 2005). 
the studies on lectins are hot topics in this field. 
Lectins are proteins or glycoproteins that specifically 
recognize and bind (or crosslink) to carbohydrates 
without catalyzing modifications of the carbohydrates 
except for enzymes and antibodies. They widely dis- 


Currently , 


tribute in plants, animals and microorganisms (Dodd & 
Drickamer, 2001). Among animal lectins, Ca?*-de- 
pendent-type lectins (C-type lectins) are the most di- 
verse family. They are generally multidomain proteins 
which contain one or more copies of a highly conserved 
region composed of 115 — 130 amino acid residues, 
called the carbohydrate recognition domain (CRD). In 
the presence of Ca?*, C-type lectins initiate a wide 
range of biological events, such as cell-cell adhesion, 
serum glycoprotein turnover and immune responses to 
potential pathogens (Weis et al, 1998; Drickamer, 
1999) . 

Snake venom lectins belong to Group VI C-type 
lectin super-family and consist simply of CRDs (Weis 
et al, 1998: Drickamer, 1999). Based on their struc- 
tural and functional characteristics, snake venom C- 
type lectins can be classified into two subgroups: snake 
venom C-type true lectins (SV-CTTLs) and snake ven- 
om C-type lectin-like proteins (SV-CTLPs) (Lee & 
Zhang, 2003). SV-CTTLs are composed of two cova- 
lently linked identical subunits, each consisting of 135 
- 141 amino acid residues. They have saccharide- 
binding activities and can induce erythrocyte aggrega- 
tion. SV-CTLPs are similar in structure to SV-CTTLs, 
but they are heterodimers lacking carbohydrate binding 
activity and have different pharmacological actions on 
thrombosis and hemostasis as exogenous modulators (O- 
gawa et al, 2005). At present, many snake venom C- 
type lectins have been purified and characterized (O- 
gawa et al, 2005). Recently, some SV-CTTLs have 
been cloned from various snake venom glands 
(Hirabayashi et al, 1991; Xu et al, 1999; Li et al, 
2003; Zha et al, 2001) and large numbers of SV- 
CTLPs also have been cloned (Shin et al, 2000; Wei 
et al, 2002; Lee et al, 2003; Jasti et al, 2004). Re- 
cently, several factor X activators, such as RVV-X 
from D. russellii siamensis venom and VLFXA from V. 
lebetina venom have been purified and characterized 


(Takeya et al, 1992; Siigur et al, 2004) . 

Daboia russellii (alias D. russelli, Vipera rus- 
sellii, V. russelli or Russell’s viper) has been classi- 
fied into five subspecies according to its geographic ori- 
gin. D. russellii siamensis (alias D. russelli siamensis , 
V. russellii siamensis ox V. russelli Siamensis ) is a sub- 
species which mainly distributes in southern China, 
Burma, Thailand and Cambodia (Wuster et al, 1997; 
Prasad et al, 1999). Some components such as phos- 
pholipase A2(Li et al, 1985) and coagulation factor X 
activator (Takeya et al, 1992), have been purified 
from the venom of this subspecies. Up to now, there 
are no reports on purification and cloning of snake ven- 
om C-type lectins from this subspecies venom. It is of 
great interest to know if there are C-type lectins ex- 
pressed in D. russellii siamensis venom gland. Here, 
we reported seven cDNAs (DRS-L1 to DRS-L7) encod- 
ing various SV-CTLP subunits from D. russellii siamen- 
sis venom gland. 


1 Materials and Methods 
1.1 Materials 


Living D. russellii siamensis snake was collected 
from Baise City in Guangxi Province, China. Ex Taq™ 
DNA polymerase, dNTP, DNA marker, pMD18-T vec- 
tor and Escherichia coli strain JM109 were purchased 
from TaKaRa Biotechnology Co., Ltd (Dalian). The 
PolyATtract System 1000 kit and Reverse Transcription 
System kit were from Promega Biotech. 

1.2 Design of oligonucleotide primers 

Two oligonucleotide primers were designed accord- 
ing to the highly conserved non-coding regions of cDNA 
sequence of TSL, a snake venom C-type true lectin iso- 
lated from Trimeresurus stejnegeri venom and other re- 
lated cDNA sequences of factor IX or X binding pro- 
teins and platelet membrane glycoprotein binding pro- 
teins. The two primers were named as Lec 5 (5'- 
AGGGAAGGAAGGAAGACCATGG-3’, in the sense di- 
rection) and Lec 3 (5'-GGGGGCTTCCTTGCTTCTC- 
CAG-3', in the anti-sense direction), respectively 
(Lee et al, 2003). Both two primers were synthesized 
by GeneCore Biotechnologies (Shanghai) with an ABI 
3948 DNA synthesizer. 

1.3 cDNA cloning and sequencing 

Isolation of mRNA and reverse transcription were 
conducted using PolyATtract System 1000 kit and Re- 
verse Transcription System kit, respectively, following 
the manufacturer's protocols. DNAs were amplified by 
PCR using total RT-PCR products as template and the 
two oligonucleotide primers. The amplification reaction 
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was catalyzed by Taq DNA polymerase and began with 
an initial 5 min denaturation at 94 *C, followed by 35 
cycles of 30 s denaturation at 94 ^C , 40 s annealing at 
52 © and 1 min extension at 72 C , a 10 min final ex- 
tension at 72 C on a GeneAmp PCR System 2400 
(Perkin Elmer) . Then PCR product was subcloned into 
pMD18-T vector and transformed into Escherichia coli 
strain JM109. The white single colonies grew in the LB 
agar media containing ampicillin, IPTG and X-gal were 
screened by PCR. The positive clones were sequenced 
by GeneCore Biotechnologies (Shanghai) with an ABI 
377 DNA automatic sequencer. 
1.4 Sequence analysis 

Amino acid sequences were deduced from nu- 
cleotide sequences using Vector NTI Suite 8. 0 soft- 
ware. The sequences of cDNAs and the deduced pro- 
teins were compared with those in the GenBank 
database using the BLAST program (Altschul et al, 
1997). The sequences of snake venom C-type lectins 
were searched with the non-redundant protein sequence 
database using FASTA program (Pearson & Lipman, 
1988). Alignment was made by CLUSTAL W program 
(Thompson et al, 1994) . 


2 Results and Analyses 


PCR amplification of total cDNAs with the de- 
signed primers resulted in a DNA fragment estimated 
about 500 bp (data not shown). Then PCR product was 
subcloned into pMD18-T vector. 
clones which contained inserts were selected for nu- 


Fourteen positive 


cleotide sequencing. The results indicated that each of 
these clones contained a cDNA fragment which encoded 
a C-type lectin. Seven cDNAs encoding various C-type 
lectin precursors, designated as DRS-Ls (i.e. DRS-L1 
to DRS-L7) were obtained from D. russellii siamensis 
venom gland. Among the fourteen cDNA sequences, 
each of DRS-L4, DRS-L5, DRS-L6 and DRS-L7 was 
coded by a single clone. Meanwhile, two identical 
clones for each of DRS-L1 and DRS-L2 were found. 
Six identical clones were found for DRS-L3. 

The complete nucleotide sequences of DRS-Ls 
were submitted to GenBank and accession numbers are 


as follows: DRS-LI  ( DQ060414 ), | DRS-L2 
(DQ060415 ), DRS-L3 ( DQ060416 ), DRS-L4 
(DQ060417 ), DRS-L5 ( DQ060418), DRS-L6 


(DQ060419) and DRS-L7 (DQ060420) , respectively. 
The deduced amino acid sequences of DRS-Ls are list- 
ed in Fig. 1. Comparison of the deduced amino acid 
sequences of DRS-Ls with those of proteins in the 
BLAST database showed that DRS-Ls have strong simi- 


larities to other known SV-CTLP subunits. These de- 
duced protein sequences of DRS-Ls have highly con- 
served regions composed of 23 amino acid residues 
(82.6% identity) which are putative signal peptide re- 
gions when compared with other SV-CTLP subunits re- 
ported previously . 


3 Discussion 


Drickamer (1992) indicated that the saccharide- 
binding specificity of CRDsis related to the amino acid 
sequence found in positions 96 - 98 (RSL numbering 
system ). In C-type galactose-binding protein, this 
tripeptide sequence is Gln-Pro-Asp (QPD). In C-type 
mannose-binding protein, the sequence of this position 
is Glu-Pro-Asn (EPN). On the other hand, three 
residues (Clu-127, Asn-142 and Asp-143) form a 
Ca?* -binding site in this type of proteins according to 
Drickamer (1992). Neither saccharide-binding site nor 
Ca?*-binding site is found in DRS-Ls. So it is pre- 
sumed that none of DRS-Ls is SV-CTIL. 

Generally, SV-CTLPs consist of simply CRDs and 
have no extra domains. However, SV-CTLPs are also 
found in multidomain proteins like factor X activators 
from the venoms of Viperinae. Each of them comprises 
one heavy chain which belongs to metalloproteinase and 
two light chains which belong to C-type lectins. Fig. 2 
compared the deduced protein sequences of DRS-L1 
and DRS-L2 with those of reported SV-CTLPs. The re- 
sults showed that DRS-L2 has the most similarity with 
RVV XLC1 (82.9%). RVV X LCI is one of RVV- X 
light chains isolated from D. russellii siamensis venom 
and it was sequenced by Edman degradation (Takeya et 
al, 1992). If the putative signal peptide is removed 
from DRS-L2, 98.4% identity can be observed be- 
tween DRS-L2 and RVV X LC1. Only two amino acid 
residues are different between the two molecules. It 
showed a K for E substitution at position 51 and a V for 
E substitution at position 107 in mature DRS-L2 when 
compared with RVV X LC1. So DRS-L2 may probably 
the light chain LC1 of factor X activator the same as 
RVV X LC1 expressed in D. russellii siamensis venom 
gland. Like RVV X LC1, DRS-L2 includes seven cys- 
teine residues and resembles B subunits of lower molec- 
ular weight SV-CTLPs. The deduced protein sequence 
of DRS-L1 has the highest identity with VLF X ALC2 
(82.3%), the light chain LC2 of VLF X A isolated 
from V. lebetina venom (Siigur et al, 2004) , since the 
primary structure of RVV X LC2 is undetermined . So 
DRS-L1 is probably the light chain LC2 of factor Y 


activator expressed in D . russellii siamensis venom 
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DRS-L1 (1) MGRFISVSFGLLVVFLSLSGTGAGLDÉPPDSSLYRYFEYRVFKEHKTWEA 
DRS-L2 (1) MGRFISVSFGWLVVFLSLSGTEAVLDEPSGWLSYEOHBYKGFNDLKNWTD 
DRS-L3 (1) MGRFISVSFGLLVVFLSLSGTEAAFCEPSGWSAYDONMYKVFTEEMNWAD 
DRS-L4 (1) MGRFISISFGLLVVFLSLSGTEAAFCÉPSGWSAYDONBYKVFTEEMNWAD 
DRS-L5 (1) MGRFISISFGLLVMFLSLSGTGAKQDBLSDWSFYEGY YKVFNEKKTWED 
DRS-L6 (1) MGRFISVSFGLLVVFLSLSGTGA- -DÉPSEWSSHEGHBYKVFKLLKTWED 
DRS-L7 (1) MGRFISISFGLLVVFLSLSGTGAKQODELSDWSFYEGYMYKVFNEKKTWED 
DRS-L1 51) AERFBMEHPNNGHLVSIESMEEAEFVAKLLSNTTGKFITHFWIGLMIKDK 


( 
DRS-L2 (51) AEKFÜTEOKKGSHLVSLHSREEEKFVVNLIS----ENLEYPATWIGLGNM 
DRS-L3 (51) AEKFRTEOHKGSHLLSLHNIAEADFVLKKTL----AMLKDGVIWMGLNDV 
DRS-L4 (51) AEKFÉTEOKKGSHLVSLHSREEEKFVVNLIS----ENLEYPATWIGLGNM 
DRS-L5 (51) AEKFÉTEOHKGSHLLSLHNIAEADFVLKKTL----AMLKDGVIWMGLNDV 
DRS-L6 (49) AEKFÜTEOKKGSHLVSLHSREEEKFVVNLIS----ENLEYPATWIGLGNM 
DRS-L7 (51) AEKFÉNEOVNGGYLVSFRSSEEMDFVIRMTF----PIFRFDFFWIGLRDF 


DRS-L1 (101) EQE@SSEWSDGSSVSYDKLGKQEFRK§FVLEKESGYRMWENRN@EERYLF 
DRS-L2 (97) WKDRMEWSDRGNVKYKALAEE--SYBLIMITHE--KVWKSMTMNFIAPV 
DRS-L3 (97) WNEMINWGWTDGAKLDYKAWNEG--TN@FVFKIAK--NHWSHMD@SSTHNF 
DRS-L4 (97) WKDRRMEWSDRGNVKYKALAEE- -SYBLIMITHE--KVWKSMTRNFIAPV 
DRS-L5 (97) WNEBNWGWTDGAKLDYKAWNEG--TNÉFVFKIAK--NHWSHMDfÉSSTHNF 
DRS-L6 (95) WKDÉRMEWSDRGNVKYKALAEE--SYÉLIMITHE--KVWKSMTRNFIAPV 
DRS-L7 (97) WRDÉYWRWSDGVNLDYKAWSRE--PNÉFVSKTTD--NOWLRWNÉNDPRYF 


DRS-L1 (151) V@KVPPEC 
DRS-L2 (143) V@KF---- 
DRS-L3 (143) VBKFRV-- 
DRS-L4 (143) V@KF---- 
DRS-L5 (143) V@KFRV-- 
DRS-L6 (141) V@KF---- 
DRS-L7 (143) V@KSRVSC 
Fig. 1 Deduced amino acid sequences of D. russellii siamensis lectins (DRS-Ls) 


The putative signal peptide is in bold. Conserved cysteine residue is shaded. The extra cysteine residue is underlined . 


gland. Like VLFXALC2, DRS-L1 includes eight cys- 


teine residues and resembles a subunits of higher 


have extra cysteines in their N-terminus (Fig. 3). So 
DRS-L3 and DRS-L4 may probably 8 subunits of high- 


molecular weight SV-CTLPs such as flavocetin-A which 
has an extra cysteine in C-terminus. Meanwhile, a po- 
tential N-glycosylation site, Asn-X-Thr, is found in 
both DRS-L1 and DRS-L2, respectively (Fig. 2). 

In SV-CTLPs, the positions of cysteine residues 
are highly conserved. Commonly, lower molecular 
weight SV-CTLPs contain seven cysteine residues in 
each subunit with the exception of echicetin B subunit 
(Mizuno et al, 1997; Peng et al, 1994; Jasti et al, 
2004). While in higher molecular weight SV-CTLPs, 
there are eight cysteine residues in each subunit. Com- 
pared with protein sequences of lower molecular weight 
SV-CTLPs, the additional cysteine residues are found 
in the C-terminal regions of a subunits (Cys135) and 
N-terminal regions of 8 subunits (Cys3) in higher 
molecular weight SV-CTLPs (Fukuda et al, 2000). 
DRS-L3 and DRS-L4 include eight cysteines and re- 
semble 8 subunits of higher molecular weight SV- 
CTLPs like flavocetin-A, stejnulxin and TMVA which 


er molecular weight SV-CTLPs expressed in D. russel- 
lii siamensis venom gland. DRS-L5 and DRS-L6 in- 
clude seven cysteine residues and resemble 8 subunits 
of lower molecular weight SV-CTLPs like agkisacutacin 
(Fig. 3). This indicates that DRS-L5 and DRS-L6 
may probably 8 subunits of lower molecular weight SV- 
CTLPs expressed in D. 
gland. 


russellii siamensis venom | 


Many SV-CTLPs were characterized as platelet ag- 
onists or inhibitors, through targeting platelet mem- 
brane glycoprotein receptors. Among which, platelet 
membrane glycoprotein lb-binding proteins ( GPIb- 
BPs) represent the predominant ones. Based on the 
determined crystal structure of flavocetin-A, one well- 
studied GPIb-BP from T. flavoviridis venom, the 
platelet GPIb-binding sites of flavocetin-A are mainly 
attributed to two hydrophilic patches in B subunit but 
not in a subunit. Hydrophilic patch ] is formed by 
Ser-46, Ser-47, Glu-48 and Asp-51 and hydrophilic 
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(A) a subunit 


DRS-L1 (1) MGRFISVSFGLLVVFLSLSGTGAGLDBPPDSSLYRYFÜYRVFKEHKTWEA 
VLFXALC2 (1) MGRSISVSFGLLAVFLSLSGTGAGLDÉPPDSSPYRYFMYRVFKEOKNWAD 
TMVA (1) MGRFTFVSFGLLVVFLSLSGTGADFDÉI PGWSAY DRYffY QAFSEPKNWED 


stejnulxin 
flavocetin-A 


(1) 








MGRFISVSFGLLVVFLSLSGTGADFDMPSGWSAYDWYNYKPFNEPOTWDD 
MERLIFVSFGLLVVILSLSGTGADFDÉIPGWSAYDRYYOAFSKPKNWED 


DRS-L1 (51) AERFBMEHPNNGHLVSIESMEEAEFVAKLLS[NTT|GKFITHFWIGLMIKDK 
VLFXALC2 (51) AERF@AERPNNGHLVS IESMEEAEFVAQLLSKITGKFITHFWIGLRIEDK 
TMVA (51) AESFGEEGVKTSHLVSIESSGEGDFVAQLVAEKIKTSFQYVWIGLRIQNK 
stejnulxin (51) AERF&TEQAKGGHLVSIESSGEADFVGQLVSENIQRPEIYVWIGLRDRRK 
flavocetin-A (51) AESF@EEGVKTSHLVSIESSGEGDFVAQLVAEKIKTSFQYVWIGLRIQNK 
DRS-L1 (101) EQEBSSEWSDGSSVSYDKLGKQEFRK@FVLEKESGYRMWENRNMEERYLF 
VLFXALC2 (101) KQOBRSEWSDGSSVSYDNLLKREFRKÉSFGLEKGTGYRSWFNLNMEEPYPF 
TMVA (101) EQQBRSEWSDASSVNYENLFKOSSKKRYALKKGTELRTWFNVYBGRENPF 
stejnulxin (101) EQOMSSEWSDGTSI IYVNWNKGESQMBOGLSKWTNFLKWDNTD§QAKNPF 
flavocetin-A (101) EQOÉRSEWSDASSVNYENLVKQFSKKÉYALKKGTELRTWENVYBGTENPF 
Identity 
DRS-L1 (151) V@KVPPEC 100.0 $% 
VLFXALC2 (151) VÉKVPPNC 82.3 % 
TMVA (151) V@KYTPEC 55.1 $ 
stejnulxin (151) V@&KFPPQC 54.4 $ 
flavocetin-A (151) VÉKYTPEC 53.2 % 
(B) B subunit 
DRS-L2 (1) MGRFISVSFGWLVVFLSLSGTEAVLD@PSGWLSYEQH@YKGFNDI 
RVVXLC1 (1) ----------------------- VLDÉPSGWLSYEOHBYKGFNDL 
VLFXALC1 (1) MGRFISVSFGLLVVFLSLSGTGADFDÉPSDWVSYDOHBYKAFNDL 
TSV-FIX-BP (1) MGRFIEVSFGLLVVFLSLSGTA- ADÉLSGWSSYEGHBYKPFNEL 
echicetin (1) MGRFISVSFGLLVLLLSLSGTG--AN@LPDWSVYEGYBYKVFKER 
DRS-L2 (46) KNWT|DAEKFTEQKKGSHLVSLHSREEEKFVVNLISENLEY PATW 
RVVXLCl (23) KNWIDAEKFÉTEOKKGSHLVSLHSREEEEFVVNLISENLEYPATW 
VLFXALC1 (46) KNWIDAEKFÉTEONKGSHLVSLHSSEEEDFVVNLASQSLQYPVAW 
TSV-FIX-BP (44) KNWADAENFÉTOOQAGGHLVSFQSSEEADFVVKLAFQTFDHSIFW 
echicetin (44) MNWADAEKFÉTKOHKDGHLVSFRNSKEVDFVISLAFPMLKNDLVW 
DRS-L2 (91) IGLGNMWKDÉRMEWSDRGNVKYKALAEESYÉLIMITHEKVWKSMT 
RVVXLCl (68) IGLGNMWKDBRMEWSDRGNVKYKALAEESYÉLIMITHEKEWKSMT 
VLFXALC1 (91) IGLGNMWKEBRSEWSDGGNVKYKALAEESYÉLLINTHKKGWRSMT 
TSV-FIX-BP (89) MGLSNVWNOBNWOWSNAAMLRYKAWAEESYBÉIVYFKSTNNKWRSRS 
echicetin (89) IGLTDYWRDÉNWEWSDGAQLDYKAWDNERHIÉFIYKNTDNQWTRRD 
Identity 
DRS-L2 (136) §NFIAPVV@KF-- 100.0 $ 
RVVXLC1 (113) @NFIAPVV@IKF-- 82.9 $ 
VLFXALC1 (136) §§NNMAHVIQKF-- 79.5 $ 
TSV-FIX-BP (134) BRMMANFVEF-- 54.1 $ 
echicetin (134) BTwTFSFVBKCPA 45.9 $ 


Fig. 2 Comparison of the deduced amino acid sequences of DRS-L1 and DRS-L2 with those of 
other known snake venom C-type lectin-like proteins 


(A) The deduced amino acid sequence of DRS-L1 was aligned with the following sequences: VLF X ALC2 (AAT91068) 
from V. lebetina venom, TMVA a subunit ( AAM43808) from T. mucrosquamatus venom, stejnulxin & subunit 
(AAQ15166) from T. stejnegri venom and flavocetin-A a subunit (AAN72438) from T. flavoviridis venom. 

(B) The deduced amino acid sequence of DRS-L2 was aligned with the sequences as follows: RVV X LC1 (AAB22478) 
from D. russellii siamensis venom, VLF X ALC1 (AAQ17468) from V. lebetina venom, TSV-F [X-BP 8 subunit 
(AAQ15155) from T. stejnegri venom and echicetin Q subunit (AAP41219) from Echis carinutus venom. Gaps have been 
inserted to maximize homology. Conserved cysteine residues are shaded. The extra cysteine residue is underlined. Identity 
percentage is shown on the right. The putative N-glycosylation site is boxed. 
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DRS-L3 
DRS-L4 
DRS-L5 
DRS-L6 
DRS-L? 
flavocetin-A 
stejnulxin 
TMVA 
agkisacutacin 
TSV-FIX-BP 
echicetin 
EMS16 
botrocetin 


DRS-L3 
DRS-L4 
DRS-L5 
DRS-L6 
DRS-L7 
flavocetin-A 
stejnulxin 
TMVA 
agkisacutacin 
TSV-FIX-BP 
echicetin 
EMS16 
botrocetin 


DRS-L3 
DRS-L4 
DRS-L5 
DRS-L6 
DRS-L7 
flavocetin-A 
stejnulxin 
TMVA 
agkisacutacin 
TSV-FIX-BP 
echicetin 
EMS16 
botrocetin 


DRS-L3 
DRS-L4 
DRS-L5 
DRS-L6 
DRS-L7 
flavocetin-A 
stejnulxin 
TMVA 
agkisacutacin 
TSV-FIX-BP 
echicetin 
EMS16 
botrocetin 


DOMI 
PREP PRP HB E p p E e rn 
EMEND UT REN RUE EDO A 


bh PP PP Pp 
O0 —00 0 


MGRFISVSFGLLVVFLSLSGTEAAFCBPSGWSAYDONBYKVFTEE 
MGRFISISFGLLVVFLSLSGTEAAFClPPSGWSAYDONÉYKVFTEE 
MGRFISISFGLLVMFLSLSGTGAKQDLS DWS FYEGYJYKV FNEK 
MGRFISVSFGLLVVFLSLSGTGAD--MPSsEWSSHEGHYKVFKLL 
MGRFISISFGLLVVFLSLSGTGAKQDÉLSDWSFYEGYlYKVFNEK 
MGQFIFVSFGFLVVATSLSGTEAGFCBPLGWSSYDEHlYvOVFOOK 
MGQFIFVSFGLLVVLLSLSGAGAGFCBMPLGWSSYDLYMYKVFKQO 
MGRFIFVSFGLLVVFISLSGTEAGFCRBPLGWSSYDEHÉSYOVFOOK 
MGRFIFVSFGLLVVFLSLSGTAAD--BPSDWSSYEGH@Y KP FDEP 
MGRFIFVSFGLLVVFLSLSGTAAD- -§LSGWSSYEGH@YKPFNEL 
MGRFISVSFGLLVLLLSLSGTGAN- -[§LPDWSVYEGYMYKVFKER 
MGRLISVRFSLLVVFLSLSGIGAGLCfPLGWSSFDOHBYKVFEPV 
un-Eruc esp UI ET DÉPPDWSSYEGHWYRFFKEW 


MNWADAEKFÉTEOHKGSHLLSLHNIAEADFVLKKTLAMLKDGVIW 
o ee UE 
KTWEDAEKFÉTEOHKGSHLLSLHNIAEADFVLKKTLAMLKDGVIW 
KTWEDAEKFETEOKKGSHLVSLHSREEEKFVVNLISENLEYPATW 
PAEA BEDA AE A E E ERE UEM 
MNWEDAEKFÉTOOHKGSHLVSFHSSEEVDFVTSKTFPILKYDFVW 
MNWTDAEKFÉTEOHTGSHLVSFHSSEEADFVVNMTYPILKLDFVW 
MNWEDAEKFÉTOOHTGSHLVSYESSEEVDFVVSKTLPILKASFVW 
KTWADAEKFRTOOHKGSHLASFHSSEEADFVVTLTTPSLKTDLVW 
KNWADAENFÉTOOQAGGHLVSFQSSEEADFVVKLAFQT FDHSIFW 
MNWADAEKFÉTKOHKDGHLVSFRNSKEVDFVISLAFPMLKNDLVW 
KNWTEAEE L@MQQHKGSRLAS I HGSEEEAFVSKLASKALKFTSMW 
MHWDDAEEFÉTEQOTGAHLVSFQSKEEADFVRSLTSEMLKGDVVW 


MGLNDVWNEGNWGWTDGAKLDYKAWN- -EGTNÉFVFKIAKN--HW 
IGLGNMWKDÉRMEWSDRGNVKYKALA- -EESYBILIMITHEK--VW 
MGLNDVWNERNWGWTDGAKLDYKAWN- -EGTNBFV FKIAKN--HW 
IGLGNMWKDBRMEWSDRGNVKYKALA--EESYMLIMITHEK--VW 
IGLRDFWRDÉYWRWSDGVNLDYKAWS--REPNBFVSKTTDN- -QW 
icd neces im 
IGLSNVWNOBNSEWSDGTKLDYKDWS--GESERBIASKTVEN--QW 
IGLSNVWNABRLOWSDGTELMYNAWT--AESEBIASKTTDN--QW 
IGLKNIWNGÉYWKWSDGTKLDYKDWR- -EQFEBLVSRTVNN--EW 
MGLSNVWNQÜUNWQWSNAAMLRYKAWA--EESYÉV Y FKSTNN- -KW 
topo DER E E Od 
IGLNNPWKD@KWEWS DNARFDYKAWK--RRPY@TVMVVKPDRI FW 
IGLSDVWNKÉRFEWTDGMEFDYDDYYLIAEYEBVASKPTNN--KW 


SHMDÉSSTHNFVÉKFRV-- --- 
KSMTÉNFIAPVVÉKF------- 
SHMDÉSSTHNFVÉKFRV----- 
KSMTÉNFIAPVVGQKF------- 
LRWNÉNNDPRYFVÉKSRVSC- - - 
LSMDÉSSKRYVVÜKFQA----- 
WTKSBSRTHYVVÉKFQA-- --- 
WSMDÉSSKRYVVÉKF-- ----- 
LSMDlGTTCSFVKFQA- -- -- 
RSRS§RMMANFVBEF------- 
TRRDËTWTFSFVŘKCPA----- 
FTRGBEKSVSFVÉKFLTDPAV- 
WirIPRTREKNFVÉEFOA----- 


Fig. 3 Comparison of the deduced amino acid sequences of DRS-L3, DRS-L4, DRS-L5, DRS-L6 and 
DRS-L7 with those of other known snake venom C-type lectin-like protein 8 subunits 
The sequences are: flavocetin-A B subunit ( 4AN72437) from T. flavoviridis venom, stejnulxin 8 subunit (AAQ15168) 


from T. stejnegri venom, TMVA f subunit ( AAM43809) from T. mucrosquamatus venom, agkisacutacin 8 subunit 


(AAF26287) from Deinagkistrodon acutus venom, TSV-F IX -BP B subunit (AAQ15155) from T. stejnegri venom, 
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echicetin 8 subunit (AAP41219) from E. carinutus venom, EMS16 B subunit (BAC77707) from E. multisquamatus venom 
and botrocetin B subunit (P22030) from Bothrops jararaca venom. Gaps have been inserted to maximize homology. Conserved 
cysteine residues are shaded. The extra cysteine residue is underlined. The two hydrophilic patch I and [I in GPIb-BPs are 


indicated in bold. 


patch II by Lys-102, Thr-104, Asp-105, Asn-106 and 
Gln-107 in the Q subunit (flavocetin-A numbering sys- 
tem) (Fukuda et al, 2000). When comparing the de- 
duced protein sequence of DRS-L7 with those of other 
known GPIb-BP 8 subunits, it can be found that the hy- 
drophilic patch I and I| are well conserved among 
DRS-L7 and other known snake venom GPIb-BPs like 
flavocetin and TMVA (Fig. 3). Moreover, DRS-L7 has 
the highest identity with echicetin (62.0%). So it is 
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